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Margaret Kneller and Dorothy Peteet

Lamont-Doherty Earth Observatory of Columbia University, Palisades, New York 10964; and NASA/Goddard Institute for Space Studies,
2880 Broadway, New York, New York 10025

Received October 29, 1997

A late-glacial to early Holocene record of pollen, plant macro-
fossils, and charcoal has been obtained from two cores from
Browns Pond in the central Appalachians of Virginia. An AMS
radiocarbon chronology defines the timing of moist and cold
excursions, superimposed on the overall warming trend from
14,200 to 7500 *“C yr B.P. This site had cold, moist conditions
from ca. 14,200 to 12,700 *C yr B.P., with warming at 12,730,
11,280, and 10,050 *C yr B.P. A decrease in deciduous broad-
leaved tree taxa and Pinus strobus (haploxylon) pollen, simul-
taneous with a reexpansion of Abies, denotes a brief, cold re-
versal from 12,260 to 12,200 “C yr B.P. A second cold reversal,
inferred from increases in montane conifers, is centered at
7500 *C yr B.P. The cold reversals at Browns Pond may be
synchronous with climate change in Greenland and northwestern
Europe. Warming at 11,280 *C yr B.P. shows the complexity of
regional climate responses during the Younger Dryas chrono-
Z0Ne. © 1999 University of Washington.
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INTRODUCTION

al., 1991; Wattset al., 1992). Reviews of southeastern pollen
records and climatic interpretations have been presented
Delcourt and Delcourt (1984, 1985), Overpestkal., (1989),
Watts (1983), and Watts and Hansen (1994). However, tt
duration of these cool and moist periods and their possibl
connection to climate changes in the northern North Atlanti
Basin have not been firmly established.

Identifying climate reversals on the order of 100 to 100C
years in existing unglaciated eastern U.S. records is difficul
slow sedimentation rates, combined with few radiocarbol
dates, make it difficult to resolve events of this time scale. W
have examined cores from a pond in the central Appalachiai
where accumulation rates averaged 70 cm per HD@r from
14,000 to 10,000°C yr B.P. The pollen and abundant macro-
fossils, combined with AMS radiocarbon dating, have pro-
duced a detailed record of late-glacial to early Holocene veg
etation change at this site.

METHODS

Browns Pond is a 60 by 20 m basin, without inlets, in the
central Appalachians of Virginia (38°09’17”N, 79°36'59"W)

Are the late-glacial climate oscillations that have been eat 620 m elevation. Water depth is approximately 20 cm. Th

tensively documented in pollen records from western anthderlying bedrock is Upper Silurian limestone, sandstone, ar
northern Europe evident in eastern North America? Recesitale (Bick, 1962). Despite the karst topography at this site, tt
pollen records from Atlantic Canada (Maye al., 1993), the colluvium is sandstone-rich and soils are acidic (T. Rawinski
northeastern United States (Peteeal., 1990, 1993; Maenza- personal communication, 1991). The closest weather static
Gmelch, 1997a,b), and the U.S. Midwest (Shane, 1987; Shdh®t Springs, Virginia; 38°00'N, 79°50'W, 682 m) has an
and Anderson, 1993) are interpreted as showing cold reversatsiual average temperature of 10.8°C and 1060 mm of pr
that are synchronous with the European Younger Dryas chapitation (NOAA, 1983). The pond is covered withulichium
nozone ¢ensuMangerudet al.,1974). In addition, temperaturearundinaceuntthree-way sedge). The site is in the Ridge anc
estimates based on chironomid assemblages show coolifgjley section of the Oak—Chestnut Forest region described t
events of only 250 years duration that are recorded in MaritinB¥aun (1950), and the trees immediately surrounding the si
Canada, called the Killarney Oscillation (Levesgek al., are typical of this regionQuercus albaandQ. rubra predom-
1993), and in Maine (Cwynar and Levesque, 1995). Therefoieate. A more detailed description of the site and vegetatio
evidence is accumulating that cold reversals interrupted tban be found in Kneller and Peteet (1993).
deglacial warming trend in eastern North America. Previously, six cores were retrieved in a partial transec
South of these glaciated regions, late-glacial cool or moiatross the pond. The identification of pollen and plant macrc
periods have been recognized in pollen records from Kentuclassils was concentrated on the central and longest co
to Florida (Watts, 1980; Watts and Hansen, 1988; Wilkéhs (BR89), which has a date of 17,13 yr B.P. at 400 cm depth
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FIG. 1. Pollen percentage diagram from Core BR92. A minimum of 300 upland tree, shrub, or herbaceous pollen grains were counted; aquatics, un
and indeterminables (Cushing, 1967) and pteridophytes were also tallied. The total of tree, shrub, and upland herb pollen is used to calestzattyEsp
Aquatics are calculated as a percentage of all pollen; pteridophytes are calculated as a percentage of all pollen and spores. The stipplexpstibentstie
5X exaggeration of the percentages. Radiocarbon dates are listed in uncorrected years. Core lithology is described according to the TroetsfiGatidh cla
as amended by Aaby and Berglund (1986). Organic content was measured on samples of approximately 2 ml according to the procedure in Dean (1
drive boundaries, indicated by the dashed lines, are at 82, 174.5, (the top of this drive, from 174.5 to 186 cm, was lost due to coring difficulidd)inGhe fi
353.5, 443, 477, and 521 cm depth (measured from the sediment—-water interface).

and reached a total depth of 697 cm depth (lower meters 4@84). Because the sediments were very consolidated, driv
inorganic clay) (Kneller and Peteet, 1993). All core depths aveere less tha 1 m long.

relative to the sediment—water interface. The primary resultsHere we present new results from cores BR91 (228 cm dee
from a previous paper were (1) a boreal-type forest consistingd BR92 (512 cm deep), which are approximately 22 an
of Picea, Abiesand Pinus grew at the site at 17,308C yr 18 m east of BR89, respectively. Most pollen and macrofoss
B.P., and slight increases in more thermophilous and mesdentifications were conducted on BR92 because it was tf
phytic taxa occurred after 17,006C yr B.P.; and (2) a marked longest core (Figs. 1 and 2). At the top of the third drive, a ga
increase iMAlnusat 14,100"C yr B.P. signaled an increase inexists from 174.5 to 186 cm depth (below the sediment sul
moisture. Core BR89 had slow sedimentation rates and pdace). Hence, core BR91 was examined in detail from 170 t
preservation between approximately 13,000 and 83G0yr 225 cm depth to confirm the stratigraphy (Figs. 3 and 4).
B.P. To determine the vegetation changes during this timePollen processing followed Faegri and Iverson (1975), witl
interval, we analyzed more samples from transect core BR8 modifications of Heusser and Stock (1984). A knowr
because it had better preservation during the late-glacial goantity of Lycopodiumspores was added to calculate pollen
Holocene transition (BR91 is referred to as BRW1 in Knellesiccumulation rates (PAR) or pollen influx (Fig. 5), (Stockmarr
and Peteet (1993) and due to coring difficulties was only 22871). Plant macrofossils were identified in sediments the
cm long). We also retrieved new cores from Browns Pond ameéere prepared according to Watts and Winter (1966) an
concentrated our analyses on the core with the most complBiteet (1986). A half-core was cleaned on the outer surface a
recovery (BR92). All cores were retrieved with a 5-cmthen cut into segments at intervals of 1 to 2 cm. The scree
diameter modified Livingstone piston corer (Wrigat al., sizes used to separate macrofossils from sediment were 1
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FIG. 1—Continued

and 500um. A volumetric estimate of charcoal content wasdass Spectrometry, Lawrence Livermore National Laboratory

made on the sediment fraction500 um. California, and the National Science Foundation Arizona AMS
Pollen classification follows McAndrewst al. (1988) and Facility. CALIB version 3.0.3c (Stuiver and Reimer, 1993) was

Faegriet al. (1989). Alnus rugosaand A. crispatypes were used to derive the calibrated sidereal years (cal yr B.P., Tab

distinguished according to Watts (1979). Morphological critet). The age model for Browns Pond is a straight-line interpo

ria exist to distinguish the pollen of three specie®afeanow lation between radiocarbon dates (plot of Deposition Time il

growing in eastern North America (Birks and Peglar, 198Fig. 5).

Hansen and Engstrom, 1985). However, the relevance of these

criteria toPiceapollen from the southern Appalachians needs RESULTS AND INTERPRETATION

further evaluation (B. Hansen, personal communication, 1992);

hence,Piceapollen identificatio_n remgins at the genus leveblien and Plant Macrofossils

The CONISS program for stratigraphically constrained cluster

analysis (square root transformation) was applied to the uplandrhe radiocarbon dates for cores BR92 and BR91 are gene

pollen taxa to help define the local pollen assemblage zoradly in chronological order (Table 1). The three nearly syn

(Grimm, 1987). Plant macrofossils were identified with the aichronous 10,006'C yr B.P. dates, separated by 23 cm, in core

of Martin and Barkley (1961), Montgomery (1977), andBR91 either may indicate rapid sedimentation rates or be &

Lévesqueet al. (1988) and by comparison to the referencexpression of the radiocarbon age plateau identified at appro

collection at Lamont—Doherty Earth Observatory. Nomenclamately 10,000“C yr B.P. (Andréeet al., 1986; Ammann and

ture follows Fernald (1970) except where noted. Lotter, 1989; Kromer and Becker, 1993). Without an indepen
AMS radiocarbon-dated samples were identified macrofodent age model, a plateau cannot be confirmed.

sils from trees or emergent aquatics; sediment was used whefihe pollen and plant macrofossil assemblages are inte

no macrofossils were available (Table 1). Previously, datesfeted in light of existing phytosociological studies that show

macrofossils and bulk sediment from the same depths showiezk distribution along elevational gradients in the Appala

virtually no offset (Kneller and Peteet, 1993). AMS radiocarchians. Nearly pure firAbies fraserior A. balsamep stands

bon analyses were conducted by the Center for Acceleratbraracterize the highest elevation forests in much of the sout
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FIG. 2. Plant macrofossils counted in core BR92, per interval, and normalzaditmlsediment volume. Charcoal concentration is given in’rper ml
of sediment. The actual volume of each sediment sample is graphed on the far right in milliliters.

ern and northern Appalachian&biesshows the greatest tol- the Appalachians. Floristic differences exist between the hig}
erance to coldPiceausually is more abundant at elevationglevation montane spruce—fir forest and the high-latitude c
below Abies(Oosting and Billings, 1951; McIntosh and Hur-boreal forest. Many high-latitude taxa have their southernmo:
ley, 1964; Siccama, 1974; Reiners and Lang, 1979; Cogbill aadpearance in the central Appalachians (Gleason and Crc
White, 1991). In the Appalachian montane spruce—fir foresjuist, 1991). We have not yet identified taxa, in the Brown:
unlike the North American boreal foreRjcea rubends the Pond sediments, that are unequivocally boreal rather the
dominant spruce species below approximately 47°40’'N lathontane. A major climatic difference is that the Appalachian:
tude, notP. glaucaor P. mariana(Little, 1971; Cogbill and at high elevations receive more precipitation than the higl
White, 1991). ThePicea and Abiesdominated stands gradelatitudes (Oosting and Billings, 1951).
into lower elevation stands containing deciduous tr&esula
is the one deciduous tree that is consistently found in many ofZone BR1: Picea—Abies zone14,180*C yr B.P.; BR92,
the high-elevation forests, although the species may vary (e4#5 to =485 cm). This zone is similar to th&inus—Picea—
B. lutea, B. papyrifera, B. papyriferaar. cordifolia, and B. Abieszone dating from 17,345 to 14,096C yr B.P. in core
lentg). Fagus grandifolia, Acer saccharurand A. rubrum, BR89 (Kneller and Peteet, 1993). One dissimilarity is that ir
Fraxinus americana, Tilia heterophylland T. americana, core BR92, the percentagesmiceapollen (from 42 to 46%)
Quercus rubraand the conifeffsuga canadensire frequent are greater thainus pollen (from 29 to 38%), whereas in
components of mid-elevation forests. BR89 Pinus exceed®iceapollen percentages. In both cores,
Alternatively, the taxa could be interpreted in light of theithe arboreal macrofossils are mosiiceaneedles.
continental distribution, especially with reference to their high-
latitude distribution. The elevation analogy is used here be-Zone BR2: Alnus—Picea—Abies zone (14,180 to 12;39r
cause the plant associations interpreted from the fossil recdBdP.; 17,000 to 15,000 cal yr B.P.; BR92, 445 to 346 cm)
between 12,700 and 7500C yr B.P., are very similar to This zone is defined by significant amountsfofrugosatype
associations found in the modern phytogeographic studies frpollen, which reaches a maximum of 26%. It correlates witl
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the Alnus—Pinus—Picea—Abie®ne in core BR89 dating from an amphibious species found in springtime saturated and sul
14,090 to 12,810°C yr B.P. (in whichA. rugosatype pollen mer dry conditions (Fernald, 1970; Boom, 1982). Aquatic
ranged from 30 to 59% (Kneller and Peteet, 199B)cea, seeds are common and inclublephar,two species oPota-
Pinus,and Abiesreach maximum percentages of 32, 26, anthogeton,and Najas flexilis. Charcoal concentrations range
5.6, respectivelyQuercus(3.0%) andBetula(2.6%) have the from 0 to 1.2 mni/ml of sediment.
highest percentages of the deciduous-tree taxa. The herbaceod#s montane spruce—fir forest, established by 14,18Dyr
assemblage comprises a range of plants including GramineBd., is indicated by the signficant percentages of pollen fror
Cyperaceae, Tubuliflorae, other Compositae, loghar. To- PiceaandAbiesand their abundant seeds and/or needles. Alde
tal upland pollen influx ranges from 1400 to 6000 graindikely grew in moist soil near the pond. The array of arborea
cme/yr. and shrub macrofossils suggests a densely covered, mesoph:
Macrofossil preservation is excellerRicea needles and landscape surrounding the pond. The water depth was deej
seeds are the most abundant macrofossils, followedligs than today, based on the presencdlopharandPotamogeton.
needles and\inusseeds and cone bracts. A fevarix seeds, Water levels were lower in summer than in spring, based on tt
fragments of 2-per-fasciclinusneedles, an®inusseed cone presence of. melanopoda.
scales were found. THeinusspecie(s) could not be identified, The transition between pollen zones BR2 and BR3a i
as the needle fragments are small and the cone scales lplelced at 346 cm depth, between pollen samples at 343.5 a
bracts, which can help identify species. A singletulaseed, 348.5 cm depth, even though the CONISS analysis shows
populifolia type (Cunningham, 1957), was identified at 368istinct division between pollen samples at 348.5 and 361.5¢
cm. Seeds of the shrul&mbucus canadensasid Rubussp., depth. Our zone division is based on increases in percentag
and herbs includingdypericum virginicunmvar. Fraseri, Viola concentration, and influx oQuercus, Ostrya/Carpinusand
cf. lanceolataand Menyanthes trifoliataare presentlsoetes Fagusthat are evident in the samples starting at 343.5 cr
melanopodanegaspores and microspores are abundant. Thiglepth (Figs. 1 and 5; Kneller, 1996).
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FIG. 3. Pollen percentage diagram from Core BR91, approximateh west of BR92. Pollen percentages are calculated as they were for core BR92. 1
drive boundaries are at 87, 187, and 228 cm depths.

Zone BR3a: Picea—Abies—Ostrya/Carpinus—Quercus zookdeciduous trees, especialystrya/Carpinusand Quer-
(12,730 to 12,260°C yr B.P.; 15,000 to 14,320 cal yr B.P.; cus, likely occurred at 12,7306°C yr B.P.

BR92, 346 to 266 cm). This zone is delineated by increases in Preserved arboreal macrofossils incluRiaus strobusee-
some broad-leaved deciduous-tree pollen ta®@aercus, dles, 2-per-fascicl®inusneedles, and seeds and/or needles ¢
Ostrya/Carpinus, Fagusand Juglansreach maximum pollen Picea, AbiesandLarix. Alnusseeds decrease within this zone.
percentages of 13.6, 3.8, 1.9, and 0.6, respectively, levAlsingleAcer spicatunseed occurs at 343 cm. Seeds of severe
which likely show the taxon’s presence (Davis and Webbgrbaceous plants become abundargrbenacf. hastata,
1975; Delcourtet al., 1984). Picea, Pinus,and Abiesremain Carex stipata, Scirpus polyphylligpe, S. atrovirendype, and
significant components of the pollen assemblaggpharpol- Sagittaria cf. rigida. Aquatics include Nymphaeaceae seeds
len percentages increase, wherkaselanopodamicrospores along with scattered occurrencesRiftamogeton spirillusype
are absent. Other aquatics incluBigpha/Sparganium, M. tri- andP. foliosustype seeds. Charcoal concentration ranges fror
foliata, and Sagittaria. 0 to 0.75 mni/ml of sediment.

Pollen influx rises and ranges from 5900 to 22,000 grains/A step toward warmer temperatures at 12,78yr B.P. is
cm?/yr. The influx increase is apparent in many taxa. Thieferred from the increases i@Quercus, Ostrya/Carpinus, Fa-
influx increase might be partly caused by increased slogas,andJuglanspollen and decreases in the seedMehyan-
inwash, or sediment focusing, for it coincides with highethes trifoliata (a circumboreal aquatic). The array of conifer
sedimentation rates. However, whereas total pollen concemd deciduous taxa suggests a region similar to the transitic
tration is approximately constant across the zone BRZem the subalpine conifer zone to the northern hardwoods
BR3a boundary, the concentration of the different tree tayallow birch—-mesophytic forest zone found in the Balsan
varies. Pollen concentrations @strya/Carpinusincrease Mountains of Virginia (Rheinhardt and Ware, 1984), i.e., &
roughly 10-fold at zone BR3a’s lower boundary,@fiercus climate cooler and moister than present. The marsh and aqua
increases about 4-fold, and dficea and Abies increase taxa are typical of temperate eastern North American pond
roughly 2-fold. Pinus shows little change in concentrationNuphar seeds and pollen indicate water levels deeper the
(Kneller, 1996). Maximum influx values folOstrya/ present.

Carpinusare in this zone. Thus, a real increase in numbersTwo small but distinct peaks ifisugapollen (in percentage
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FIG. 3—Continued

and influx) are evident from 287 to 282 cm (two pollen samplescirpus polyphyllusype, andS. atrovirendype are now absent
of 9 to 12%) and at 267.5 cm (one sample of 3.7%). The firatong with the hert/erbenacf. hastata.Definitive identifica-
two occurrences of suganeedles at 282 and 267 cm depth arggon of these species is needed to interpret the environment
additional evidence that thEsugapopulation increased at thischange Menyanthes trifoliatsseeds are present. Charcoal con-
site. TheTsugapeaks are also concurrent with increases igentration ranges from 0 to 0.8 nifml of sediment.

Pinus haploxylon-type pollen an@ryopteristype spores and A reversal toward colder temperatures explains the rise i
decreases irPicea and Abies. Tsugaand Pinus strobusare percentage and influx oAbies pollen, decreases iinus
SpeCieS found at elevations lower thahiesandPiceain the hap|oxy|on_type po”en andPinus strobusneedles, and de-
Appalachians. These changes may reflect warming tempeggsases in percentage and influx of the deciduous-tree ta
tures, although replication in other cores from this site arﬁbllen. Other taxa showing increases in pollen influRieea,
peighboring sites is needed before a regional event can fg g diploxylon-type pollen, andS. canadensis-are cold
inferred. tolerant plantsM. trifoliata’s presence shows the pond had

Zone BR3b: Abies—Picediploxylon Pinus zone (12,260 to shallow water areas.

12,200%C yr B.P.; 14,320 to 14,240 cal yr B.P.; BR92, 266 to _ _ _
245 cm). Percentages and influx dibies pollen increase. ~Z0n€ BR3c: Picea—Abies-Ostrya/Carpinus—Quercus zor
Many of the deciduous-tree taxa decreakimus, Ostrya/ (12,200 to 11,280°C yr B.P.; 14,240 to 13,260 cal yr B.P;
Carpinus, Quercus, Juglans cinereand Fagus grandifolia, BR92, 245 to 195 cm). The pollen and macrofossil assem-
but neitherFraxinus nor Betulg. The pollen percentages ofblage is very similar to that of zone BR3a excéyitiesmac-
these deciduous-tree taxa are similar to their zone BR2 valug¥ossils are absent arisuganeedles are more abundant in
Tsugapollen and macrofossils are abseRinus diploxylon- BR3c. Total pollen influx ranges from 2200 to 6500 grains
type pollen increase®iceapollen influx increases. The pollencm?yr. Pollen fromLycopodium annotinurand M. trifoliata,
percentages dBanguisorba canadensiscrease whilélypha/ circumboreal species, ar#8l canadensiare last seen here.
Sparganiundecrease. Total pollen influx ranges from 4200 to Temperatures are inferred to warm and return to conditior
22,000 grains/chtyr. like those of 12,730 to 12,268C yr B.P. (zone BR3a). Two
Seeds from some shallow-water, temperate species, whinhre smallTsuga—Pinushaploxylon-type pollen andsuga
were abundant in zone BR3a, are now abs€atex stipata, macrofossil peaks (at 238 and 216 cm) could be related 1
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FIG. 4. Plant macrofossil and charcoal diagram from Core BR91. Fossils counts are normakizédrtlsediment volume. Charcoal concentration is given
in mm® per ml of sediment.

warming. This interpretation must be substantiated at adtiracketted by three dates ranging from 9945 to 10,1G0yr
tional sites. B.P. (Table 1). We approximate the end of zone BR4 at 10,05
At this point, the assemblages from both cores BR91 antC yr B.P.
BR92 are used to define the pollen zones. Pollen influx curvesThe dominance oTsugapollen (from 23 to 62% in BR92,
and the CONISS results for core BR91 where our samplirid to 56% in BR91), distinct increases Betula (reaching a
resolution was higher, were all evaluated when making thgaximum of 9.5% in BR92 and 20% in BR91) aminus
divisions between zones BR3c, BR4, and BR5. Where the tWaploxylon-type pollens, and a unique maximunSphagnum
cores overlap chronologically, the pollen and macrofossil agpores characterize this zone. Decreases in percentages
semblages are similar in composition, although differencegcea, QuercusCyperaceae, and Tubuliflorae pollen accom:
exist in the exact percentage of any taxon counted and in theny theTsugarise. Cyperaceadbies,and Ostrya/Carpinus
exact stratigraphic placement of fluctuations of one taxon reJg|ien become rare. Total pollen influx is 2300 to 7200 grains
ative to another. The differences could be due to factors %fr'nzlyr. The influx of Tsuga, Betulaand Pinus haploxylon-
fecting pollen accumulation within the basin (Daws al., e hollens increases, bQuercusdoes not. Pollen from the
1984). Also, a core’s proximity to the shoreline (itself a ﬂucéquatic plantsTypha/Sparganium, Nuphaand Sagittariade-
tuating feature over time) might register different ratios of th@reases from the zone BR3c values.

local ar:d eﬁtrq-lo(cja:hpolleﬂ sct)utrr]ce;, gspeqlalltyl 'L the Pt‘?”e” Tsugaand Piceamacrofossils are numerous, often exceed
was not well-mixed throughout the basin prior to deposi IOnihg 10 needle fragments each per 1 ml of sediment in cor

Zone BR4: Tsuga—Betula—Pinus strobus—zone (11,280 BR91. Two species of hemlock are recognized in eastern Nor
10,050 ““C yr B.P.; 13,260 to approximately 10,940 cal y,America;T. canadensiss the most dispersed afd carolini-
B.P.; BR92, 195 to 173 cm; BR9%,225 to 203 cm). Dated anais confined to the Appalachians from Virginia to Georgia
fossils are near the beginning of the zone in core BR92 (BR¢&odman and Lancaster, 1990; Gleason and Cronquist, 199
did not penetrate all of zone BR4). Dating the top of zone BREhe threeTsugaseed-bearing (megasporangiate) cones fror
is more subjective. In core BR92, the age of the 173 cm leviblis zone are more similar tbsuga canadensig length and
is about 10,040°C yr B.P. with our age model. However, inscale shape. One entiRicea pollen-bearing (microsporangi-
core BR91, the top of zone BR4 at 203 cm depth has an aae) cone and several pollen-bearing cone fragments occur
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this zone (we could not identify the species). A fBwstrobus sediment, whereas in core BR92 the maximum concentration
needles and orlearix seed were foundetulaseeds and bracts 2.9 mm/ml of sediment. Thus, a fire and opening of the fores
are most abundant in this zone. Many of Betulaachenes are canopy are inferred. IncreasesRteridiumand Polypodiaceae
missing the wings and stigmas, and so species identificatiorsfres support this interpretation.
difficult. Those Betula seeds that are finely pubescent just Warming temperatures explain the increasing influx o
below the stigma were classified &etula papyriferatype Quercus, NyssandDiospyrosand decreasing influx afsuga
(Cunningham, 1957). However the pubescent characteristiod Betulapollen. In zone BR5, the influx aQuercuspollen
may not be unique td. papyrifera (Radford et al., 1968; increases gradually, ydtlyssaand Diospyros exhibit rapid
Fernald, 1970; Gleason and Cronquist, 1991). increases. A similar pattern occurs in concentration (Knellel
Seeds oSambvcus canadens&sswamp shrub, and a single1996). Possibly the local populations N§ssaand Diospyros
seed of the shade-tolerant shrillaxus canadensisyere iden- trees expanded more rapidly thQuercus. Picegollen per-
tified. Decreases ilNuphar pollen, and the absence of Nym-centages fluctuate greatly; a single peak of 25% occurs at 181
phaeaceae and@luphar seeds, indicate water levels havem, butin core BR92 there is much less fluctuation. The caus
dropped. Charcoal concentration in core BR91 ranges betwexithe Piceafluctuations is unclear. The continued presence ¢
0 and 3.6 mn¥Yml of sediment. significant Tsugapollen supports the argument that climate
A temperature increase is inferred from theugaincrease was still as moist as at present in the southern low-elevatic
and Abiesdecrease in both pollen and macrofossils. Througippalachians.
out the Appalachianssugais now found at elevations lower
than those at whictbiesis found. The presence ficeais  Z0ne BR6: Quercus—Carya zone (8410 <4@870 “Coyr
consistent with warming temperatures if the specieis B-P-; approximately 9400 to 5600 cal yr B.P.; BR92, 134 tc
rubens; this species is presently found witisugaand P. <65 cm). Caryapollen,_whlch has been at ca. 1% during the
strobusin the central Appalachians (Eyre, 1980, p. 26-27 ..recedlng zones, now rises to 4.4% at 134 cm and reache:
Tsugais a long-lived (from 300 to 800 yr), very shade-tolerarfigh of 11% at 72 cmQuercuspollen ranges from 40 to 71%
tree that prefers a cool, humid climate (Rogers, 1978; Godm#hile Tsugapollen decreases from 31 t05% by 97 cm. Total
and Lancaster, 1990p. strobusis tolerant of drier conditions, Pollen influx ranges from 2700 to 7600 grains/éyn.
although the two trees may grow on more mesic sites orSalixbuds and one seed each@fataegusandRubuswere
hummocks in wooded swamps (Jorgensen, 1978 p. 276; pddgntified. Aquatic and low-ground plant seeds come fron
ell, 1980). severalCarex speciesPolygonumcf. punctatumand at least
three Potamogetonspecies. Characeae oogonia are presen

Zone BR5: Nyssa—Tsuga—Quercus zone (10,050 to €10 Chgrcoal concentration ranges froml to 4.5 mni/ml of
yr B.P.; approximately 10,940 to approximately 9400 cal ysediment.
B.P.; BR92, 173 to 134 cm; BR91, 2034d.43 cm). Within Fluctuations in water quality and depth can explain the
this zone Quercus replacesTsuga as the dominant pollen variations in aquatic and wet ground taxa. The .pollen 0
taxon. A series of changes occurs in tree-taxa pollen in céi@amp-ground taxdlex andCephalanthus occidentalieccur
BR92: Nyssarises from 2.3% at 173 cm to a high of 10.5% gthroughout the zone. Their percentages decrease slightly
145 cm, whereas at 152 cRiceadrops below 1% andbies Nupharpollen returns above 100 cm depth, which indicates a
below 0.5%.Diospyrosappears at 148 cm. Of all the taxdncrease in water levels. . _
represented in the pollen diagranBipspyrosunambiguously ~ At 75(_)0.1“C yr B.P., a brief return to a colder, but still moist,
has the most southerly distribution, occurring below 41°Rlimate is inferred from the resurgencelisuga(16%), Picea
latitude and south to peninsular Florida (Halls, 1990). TH&-5%), andAbies(1.0%) pollen. The increases (from a single
same pollen sequence occurs in core BR91, although the @mple at 103 cm depth) are noticeable in the concentratic
centages differ. Total influx ranges from 5000 to 1800 graindjagram and just perceptible in influx. The fact that three
cm/yr at the end of this zon&Quercusinflux increases grad- cold-tolerant taxa ex_hlblt synphronou; increases in pollen pe
ually from 430 to 2100 grains/cHyr. centage, concentration, and influx points to a short revgrsal |

Macrofossils are nearly absent and the sediment is vei§der temperatures. However, be_cause this conclusion d
inorganic. In BR92, a singleCornus canadensiseed was pends on a single sample, other sites must be found to su
identified at 172 cm. In BR91, Compositalyceria striata stantiate the local and regional significance of the cold reverse
type, andSparganiumcf. americanunmseeds were found. The
presense ofypha/Sparganiurand Polygonum lapathifolium
type pollen and the absenceMiipharpollen at the top of the  Previously we inferred water-level fluctuations in Browns
zone, along with significant amounts Nf/ssapollen, indicate Pond based on changes in aquatic plants and the lithostrat
that the pond was largely replaced by wet ground or marshlamdphy. We proposed that the lowest lake levels occurred froi
Charcoal concentrations are highest at the base of this zob@,000 to 8000C yr B.P. (Kneller and Peteet, 1993). An
The concentrations in BR91 range froil to 8 mni/ml of inorganic sand—clay layer with slower sediment accumulatio

Water-Level Fluctuations
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FIG. 5. Pollen accumulation rate (PAR), or pollen influx, diagram for selected taxa in core BR92. The age axis is based on the assumption of a c
accumulation rate between radiocarbon dates. Note that the horizontal axis changes in scale for each pollen taxa. Units of PAR are in numbeaiogpolle
per cnf per year.

rates and a decrease in aquatic pollen percentages was idefgitation might be explained by increased evaporation, in
fied between 176 and 130 cm depth in the previously studierkased drought frequency, infilling of the pond, a changin
central core, BR89. This inorganic layer occurred in five adiepositional center over time, or some combination of climat
ditional cores taken in a transect across the pond. We hypogiird nonclimatic factors. Determining the cause of the wate
esized that a lowering in water-level depth, driven by climatgvel fluctuations is difficult because the basin is, and likely
had created this relatively inorganic layer dating to the earg{ways was, irregular in shape (i.e., not perfectly conical)
Holocene. Thus, very likely, sediment and pollen have accumulated «
The new ana_lysis of cores BR92 and BR91 substantiates U’éﬁ(ying rates across the pond (Daws al., 1984), and the
earlier conclusion that the pond's water levels were lowegjations of the depositional center and shoreline have shifte
during the early Holocene. Based on the lithostratigraphy aﬂger time. For example, the beginning of tAénus—Picea—

organic content measurements, the inorganic clay layerds, <. one occurs at 445 cm depth (14,18C yr B.P.) in
between 210 and 164 cm depth in core BR91 and 186 and 1400, *\ ot jies at 337 cm depth (14 08T yr B.P) in core

cm depth in BR92 (Kneller, 1996). In these cores, the periodg 89. Thus. at 14.000°C vr B.P. core BR9?2 was in the
low organic content and slowest accumulation rates occuys ' ' yre.r

between ca. 10,000 and 8506tC yr B.P. During this time eeper section of the pond. Total pollen' influx also differs
aquatics, perhaps best exemplified Ryphar, are at their between cores B_RQZ and BR89. Th? differences qud :
lowest percentages. However, the trees represented in the BS_HSGP' by depositional or postdepositional _(e.g., erosional
len assemblage require moist conditions. Todesugagrows OX|_dat|onaI) processes (D_oanIraI.,1978;. Daviset al.,1984).

in regions where annual precipitation ranges frefi40 to Evidence for changes in water quality also comes fron
1270 mm (Godman and Lancaster, 1999yssaand Diospy- Sphgg_nurmnd Cha}raceae, which occur in acidic and basi
ros, which co-occur in the pollen assemblage wittugafrom ~ conditions, respectively. In cores BR89 and BR92, Charace:
10,000 to 7500C yr B.P., now grow where annual averag®0donia were identified from the bottom of the cores up tc
precipitation is at least 1000 mm and often exceeds 1200 n@Rproximately 12,736°C yr B.P., whenSphagnunieaves or

(Halls, 1990; Johnson, 1990; Kossuth and Scheer, 1990; Mgores occur. At approximately 800tC yr B.P., Sphagnum

Gee, 1990; Outcalt, 1990). Apparently, annual average precifisappears and Characeae oogonia reappear. A complete g
itation was approximately equal to present values, even as tiesl transect of the pond would be necessary to determi
pond’s water levels were lower than present. conclusively which inferred changes in water level represent

The apparent lower water level without a decrease in preasin-wide drop in water level.



APPALACHIAN CLIMATE, GLACIAL-INTERGLACIAL TRANSITION 143

Ts000 5000 400 3000 15000 4000 20000 4000000 | 250000 0 BRI
FIG. 5—Continued

DISCUSSION range of plant associations recognized in the modern phyt

_ ) _ _ geographic studies.
Questions remain about this record of late-glacial/early HO- the sequence of temperature fluctuations interpreted at tt
locene vegetation. First, if théiceaspecies present at anytimeégera| Appalachian site shows striking similarities and dissim
at Browns Pond i®. glaucaor P. marianaand notP. rubens, jarities with the sequence of events in other pollen stratigrz

would this substantially change the climatological interpret hies and polar ice cores from the North Atlantic region. We

tions? In Pennsylvania, Watts (1979) tentatively identified Ppg terpret temperatures cooler than present from 14,180

len from all three spruce species in late-glacial sedimenﬁ) 000%C vr B.P
However, for the reasons stated by Delcourt (1979), we Were_’l_he steg tov.va.rd warming at 12,736C yr B.P. seen at

unable to identify definitively the species of our spruce poll
and macrofossils. Each species has different climatological Z[%EPW”S Pond probably represents a change over much of 4

ecological affinities. Definitive identification of the specieé;OUtheaStern United States because sites in Tennessee ([

would aid in the environmental reconstruction. Second, ho urt, 1979), South Carolina (Watts, 1980), and Florida (Watt

accurate is the qualitative climate interpretation based on an%{l‘-oI Hansen, 1994) show increases in temperate pollen ta

ogy with the montane forests of the Appalachian Mountain§9uercus’ Carya, Fagus, Fraxinuand _Ostrya/(_:arpmu); be-
Quantitative climate reconstructions could be made by staff4/€en 12,800 and 12,500C yr B.P. This warming is contem-
tically comparing each fossil pollen spectrum with moderROrary with warmings seen in pollen records from the north
pollen surface samples obtained from throughout North Améi@stern United States (Peteett al., 1993, 1994; Maenza-
ica. However, several issues must be resolved before procegdielch, 1997a, 1997b). Thus, the warming may have bee
ing with the statistical comparisons. The fossil pollen spectfnchronous from ca. 29° to 41°N latitude along the easter
recorded in each of the three radiocarbon-dated cores (BRB@rgin of North America. It should be substantiated by eval
BR91, and BR92) agree qualitatively, but not quantitativelyating additional sites, especially since a radiocarbon plate:
with each other. For example, in the late-glacial sediments, thkconstant“C age occurs at this time (Ammann and Lotter,
ratio of Piceato Pinus,or Piceato Alnus,varies between cores 1989; Kitagawa and van der Plicht, 1998). The North Ameri.
BR89 and BR92 (see description of the pollen zones). Distarg@n warming may also coincide with the onset of warming
of each core to the shoreline might partially explain the difaferred from pollen records in northern and western Europ
ferent percentages recorded. Additional modern pollen surfg@orck and Mdler, 1987; Ammann and Lotter, 1989; Watts
samples from the Appalachians are needed to capture the &lll 1996) and the abrupt rise in delf® (Johnsert al.,1992;
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TABLE 1
Radiocarbon and Calibrated Ages for Dated Samples from Cores BR91 and BR92

Sample depth Dry weight Age Age
Sample number (cm) Material dated (mg) (**C yr B.P.) (cal yr B.P.}
Core BR92
NSF Arizona AA
17723 100 ICarex lupulinaseed 2.65 7506 60 8310, 8220, 8218
2 C. crinita seeds (8339-8171)
2 conifer cone scales
4 Salix buds
Lawrence Livermore
17319 152.0 Sediment 4100 8890 60 9906
(9969-9870)
17322 194.8-196.4 Riceaneedle bases 2.37 11,280 60 13,190
2 Piceaneedle tips (13,280-13,110)

4 needle fragments
1 Alnuscone scale (partial)

17323 244.0-245.6 Biceaneedle bases 2.75 12,2680 70 14,240
2 Piceaneedle tips (14,406-14,091)
6 Piceasterigmata
4 needle fragments
5 Carix lurida seeds

17324 259.8-261.4 Piceaneedles 3.27 12,236 70 14,278
2 Piceaneedle bases (14,446-14,127)
3 Rubusseeds
Nut fragment

17325 344.7-346.0 Piceaneedle 3.78 12,73& 60 15,001
Partial conifer needle (15,173-14,812)
17 Piceasterigmata
Conifer cone bract
 Rubusseed
32 Carex luridaseed
1 Nymphaeaceae seed

Menyanthesragment
17326 445.0 Sediment 2300 14,180 60 17,004
(17,115-16,895)
Core BR91
NSF Arizona
AA 17724 199.0-200.0 Sparganiunseeds 4.45 10,058 75 11,464-11,225
11,828-11,050
AA 17725 207.0-208.0 2Piceaneedle pieces 2.2 10,190 75 11,939
2 Piceasterigmata (12,134-11,659)
2 Tsugastem fragments
10 Tsuganeedle bases
AA 17726 222.0-223.0 1®iceaneedle pieces 2.1 9945 105 11,073, 11,061, 11,034

38 Tsuganeedle bases (11,536-10,996)
2 Tsugastem pieces
2 Sambucuseeds

 The first number (or set of numbers) is the calibrated age. The numbers in the parentheses are the range of the calibrated age at the one signe lev
AA 17724 has nine calibrated ages; only the youngest and oldest are printed here.

Bjorck et al., 1998) and snow accumulation rates (Alletyal., 7500 “C yr B.P., superimposed upon the overall warming
1993) in Greenland ice cores. trend. The first reversal (centered at about 14,280 cal yr B.P
The Browns Pond record shows cold reversals at 12,200 andy correlate with the European Older Dryas chronozone
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which Mangerudet al., (1974) placed between 12,000 ané&nd northern European pollen records, suggests a strong ce
11,800™C yr B.P. Subsequent palynology in Sweden revisqaling of the atmosphere—ocean climate system.

the dating of the Older Dryas chronozone to between 12,150

and 12,000%C yr B.P. (Bjack, 1984; Bjock and Mdler, ACKNOWLEDGMENTS

1987). The second cold reversal dates to 75D yr B.P.

(between 8300 and 8200 cal yr B.P.). It coincides with,CH We thank Elaine Stock for laboratory assistance and Sarah Fowell, Gre
minimums in the GRIP and GISP2 ice cores and the mddartke, and Rick Healey for field assistance. We thank Thompson Wehbb, |

noticeable Holocene decrease in dé?(ai (ChappeIIaEt al and an anonymous referee for the comprehensive reviews that helped
ce "’ improve the quality of the manuscript. Funding was provided by a Nationa

19_93;_ Sowe_rs a”q Bend_er, 1995;_A||e§1 al., 1997)' Ij[ also Science Foundation Grant (ATM 94-17160) and a NASA Graduate Studer
coincides with an ice-rafting event in the North Atlantic Oceageliowship in Global Change Research. This is Lamont-Doherty Earth Obse
linked to changes in surface circulation (Bosithl.,1997) and vatory Contribution 5849.

with a 200-yr cooling inferred from oxygen isotopes in Lake

Ammersee, Germany (von Grafensteinal., 1998). The cold REFERENCES

reversals at this site in the central Appalachians may be con-

current with cold events in the northern high latitudes arfshby, B., and Berglund, B. E. (1986). Characterization of peat and lak
shifts in trade-wind strength in the tropical Atlantic Ocean deposits.In “Handbook of Holocene P_aleoecology arld Ealeohydrology"
(Hughen et al., 1996; Bjack et al., 1998). However, the (B. E. Berglund, Ed.), pp. 231-246. Wiley & Sons, Wiltshire.

. . . . , Alley, R. B., Mayewski, P. A., Sowers, T., Stuiver, M., Taylor, K. C., and
inherent errors in radiocarbon dating, and the samples stafiesy y Y

. . Clark, P. U. (1997). Holocene climatic instability: A prominent, widespread

tical errors, leave room for uncerta_mty. event 8200 yr agaGeology25, 483—486.

~ The shift to a relatively warmer climate at _1133150 YrB.P.  Alley, R. B., Meese, D. A, Shuman, C. A., Gow, A. J., Taylor, K. C., Grootes,

is significant, for it may show the southern limit of cooling on P. M., White, J. W. C., Ram, M., Waddington, E. D., Mayewski, P. A., and

the eastern margin of North America, contemporaneous withgielinski, G. A. (1993). Abrupt increase in Greenland snow accumulation a

the Younger Dryas chronozone. The late-glacial rise in hem-he end of the Younger Dryas evehature 362, 527-529.

lock and decrease in fir poIIen, which indicate Warming Eﬁnmahn, B., and Lotter, 'A. F. (1989). Late-glacial radiocarbon- and palyno

. . I%tratlgraphy on the Swiss Plated&@oreas18, 109-126.

Browns Pond, are also apparent at two sites just to the noX{ndre’e M., Oeschger, H., Siegenthaler, U., Riesen, T., Moell, M., Ammann
o 1 o y > B il .y ’ B ’ "y ) "y :

[BUCkl_eS Bog, 39°34'N 79°16'W (Maxwell and Davis, 1972) B., and Tobolski, K. (1986).C dating of plant macrofossils in lake

and Big Run Bog, 39°07'N, 70°35'W (Larabee, 1986)], al- sedimentRadiocarbor28, 411-416.

though the timing is less well-constrained. Other records in thgk, k. F. (1962). “Geology of the Williamsville Quadrangle, Virginia.”

southeastern United States do not clearly show a cooling at thigirginia Division of Mineral Resources, Charlottesville, VA.

time. Only at Jackson Pond, Kentucky, hd&ieeafluctuations Birks, H. J. B., and Peglar, S. M. (1980). IdentificatiorRi¢eapollen of Late

from 11,300 and 10,046°C yr B.P. been hypothesized to Quaterary age in eastern North America: A numerical apprd@ahadian

represent a Younger Dryas climate oscillation (Wilketsal., ~ Journal of Botany58, 2043-2058.
1991) Bjorck, S. (1984). Bio- and chronostratigraphic significance of the Older Drya

. . . chronozone—On the basis of new radiocarbon dd&eseas106,81-91.
Increasing warmth and moisture at 11,360 yr B.P. inthe _ _ _ _ , _
orck, S., and Mder, P. (1987). Late Weichselian environmental history in

: . . 2}
central Appalachians can t_)e Con_SIStem with a cold reversal outheastern Sweden during the deglaciation of the Scandinavian ice she
the norther_n North Atlantic region. If a steep temperaturequaternary Research8, 1-37.
gradient exists between cold subpolar waters and warmer sgfarck, s., walker, M. J. C., Cwynar, L. C., Johnsen, S., Kundsen, K.-L.
tropical waters, then storm-track-associated moisture will beLowe, J. J., Wohlfarth, B., and INTIMATE Members. (1998). An event
concentrated along the maximum thermal gradient. GCM cli-stratigraphy for the Last Termination in the North Atlantic region based or
mate simulations support this hypothesis: when northern Nortfihe Greenland ice-core record: A proposal by the INTIMATE gralqur-

. . nal of Quaternary Scienc#3, 283-292.
Atlantic sea-surface temperatures were cooled, a net increase _ _
. initation minus evaporation occurred at the Southel?ond, G., Showers, W., Cheseby, M., Lotti, R., Almasi, P., deMenocal, P.
In precipi p : rbriore, P., Cullen, H., Hajdas, I., and Bonani, G. (1997). A pervasive
edge of strong temperature contrast (Retchl., 1986; Keffer  pijiennial-scale cycle in North Atlantic Holocene and glacial climates.
et al., 1988). The global extent of a cold reversal contempo-Science278, 1257-1266.
raneous with the Younger Dryas chronozone (11,000 to 10,08bm, B. M. (1982). Synopsis dboéesin the Southeastern United States.
“C yr B.P.) and its causes is still in debate (Peteet, 1995). Castanead7,38-59.

Ideally, other unglaciated east coast sites with highgraun, L. (1950). “Deciduous Forests of Eastern North America.” Hafner, Nev
resolution chronologies are needed to confirm the timing, and’o’ _
to define the regionality, of the brief cold reversals seen hereGHarPreliaz, J. A., Fung, I. Y., and Thompson, A. M. (1993). The atmospheri

i . . . CH, increase since the last glacial maximuhellus45B, 228-241.
the central Appalachians. The diversity of vegetation and close _ _ , .
.. L . . . .8ogblll, C. V., and White, P. S. (1991). The latitude—elevation relationship fol
proximity of ecotonal boundaries in this region permit a rapi

. ” . spruce—fir forest and treeline along the Appalachian mountain ckeig-
response of the vegetation to changing climate. The greagiatio 94, 153-175.

similarity in the timing of climate events seen in this terrestriaddunningham, F. E. (1957). A seed key for five northeastern birdoesnal of
midlatitude vegetation record, when compared to polar ice coreorestry 55, 844—845.



146 KNELLER AND PETEET

Cushing, E. J. (1967). Evidence for differential pollen preservation in Latétughen, K. A., Overpeck, J. T., Peterson, L. C., and Trumbore, S. (1996
Quaternary sediments in MinnesoReview of Paleobotany and Paleopa- Rapid climate changes in the tropical Atlantic region during the last degla

lynology 4, 87-101. ciation. Nature 380, 51-54.
Cwynar, L. C., and Levesque, A. J. (1995). Chironomid evidence for latdehnsen, S. J., Clausen, H. B., Dansgaard, W., Fuhrer, K., Gundestrup, |
glacial climatic reversals in Main®Quaternary Researc3, 405—-413. Hammer, C. U., Iversen, P., Jouzel, J., Stauffer, B., and Steffensen, J.

Davis, M. B., Moeller, R. E., and Ford, J. (1984). Sediment focusing and pollen(1992). Irregular glacial interstadials recorded in a new Greenland ice cor
influx. In “Lake Sediments and Environmental History” (E. Y. Haworth and Nature 359, 311-313.
J. W. G. Lund, Eds.), Chap. 10, pp. 261-293. Univ. of Leicester, Leicestgbhnson, R. L. (1990Nyssa aquaticd.. Water Tupelo.n “Silvics of North
Davis, R. B., and Webb, T., lll (1975). The contemporary distribution of pollen America,” Vol. 2, “Hardwoods” (R. M. Burns and B. H. Honkala, Eds.), pp.
in eastern North America: A comparison with vegetatiQuaternary Re- 474-478. U.S. Dept. of Agriculture, Forest Service, Washington, DC.
search5, 395-434. Jorgensen, N. (1978). “A Sierra Club Naturalist's Guide to Southern Nev
Dean, W., Jr. (1974). Determination of carbonate and organic matter inEngland.” Sierra Club Books, San Francisco.
calcareous sediments and sedimentary rocks by loss on ignition: Compgéffer, T., Martinson, D. G., and Corliss, B. H. (1988). The position of the

son with other methodslournal of Sedimentary Petrology4, 242—248. Gulf Stream during Quaternary glaciatior@cience241,440—442.

Delcourt, H. R. (1979). Late Quaternary vegetation history of the eastekitagawa, H., and van der Plicht, J. (1998). Atmospheric radiocarbon calibra
Highland Rim and adjacent Cumberland Plateau of Tenne&sméogical tion to 45,000 yr B.P.: Late Glacial fluctuations and cosmogenic isotop
Monographs49, 255-280. production.Science279, 1187-1190.

Delcourt, H. R., and Delcourt, P. A. (1985). Quaternary palynology angneller, M. (1996). “Paleoclimate from the Last Glacial Maximum to the
vegetational history of the southeastern United State$20llen Records of Present: Pollen and Plant Macrofossil Records from the U.S. Southea
Late-Quaternary North American Sediments” (V. M. Bryant, Jr,, and R. accompanied by a Goddard Institute for Space Studies General Circulatic
Holloway, G., Eds.), pp. 1-37. Am. Assoc. of Stratigraphic Palynologists podel Simulation.” Ph.D. thesis. Columbia Univ.

Foundation, Austin, TX. Kneller, M., and Peteet, D. (1993). Late-Quaternary climate in the Ridge an
Delcourt, P. A., and Delcourt, H. R. (1984). Late Quaternary paleoclimates andyg|iey of Virginia, U.S.A.: Changes in vegetation and depositional envi-

biotic responses in eastern North America and the western North Atlamicronment.Quaternary Science Reviewg, 613—628.

Ocean Palaeogeography, Palaeoclimatology, Palacoecolagy263-284. Kossuth, S. V., and Scheer, R. L. (1990)yssa ogech®artr. ex MarshlIn
Delcourt, P. A., Delcourt, H. R., and Webb, T., Il (1984). “Atlas of Mapped “Silvics of North America,” Vol. 2, “Hardwoods” (R. M. Burns and B. H.

Distributions of Dominance and Modern Pollen Percentages for ImportantHOnkala Eds.), pp. 479—481. U. S. Dept. of Agriculture, Forest Service

Tree Taxa of Eastern North America.” Am. Assoc. of Stratigraphic Pa- Washing’ton, DC. '

lynologist Foundation, Dallas, TX. 234 14 ’
5 3 Al b E VL3 H d Vuorela. | lwé(romer, B., and Becker, B. (1993¥°Th—"*U and*‘C ages obtained by mass
onner, J. J., Alhonen, P., Eronen, M., Junger, H., and Vuorela, I. (1978).¢,orometry on coralRadiocarbon3s, 191-199.

Biostratigraphy and radiocarbon dating of the Holocene lake sediments of . . o
Tydtiarvi and the peats in the adjoining bog Varrassuo west of Lahti ih2"aP€e. P A. (1986). “Late-Quaternary Vegetational and Geomorphic His

southern FinlandAnnales Botanici Fennicl5, 258—280. tory of the Allegheny Plateau at Big Run Bog, Tucker County, West
Eyre, F. H. (1980). “Forest Cover Types of the United States and Canada,” Epy|rg|n|a. Unpublished M.S. thesis, Univ. of Tennessee.

148. Soc. of Am. Foresters, Washington, DC. evesque, A d, Maylg, F. E, Walker, I. R., and .Cwynar, L. C. (1993)._A
previously unrecognized late-glacial cold event in eastern North Americe
' Nature 361,623-626.
évesque, P. E. M., Dinel, H., and Larouche, A. (1988). “Guide to the
Identification of Plant Macrofossils in Canadian Peatlands.” Land Resourc

Faegri, K., and Iverson, J. (1975). “Textbook of Pollen Analysis.” Hafner
Copenhagen.
Faegri, K., Kaland, P. E., and Krzywinski, K. (1989). “Textbook of PoIIenL
Analysis by Knut Faegri and Johs. Iverson.” Wiley & Sons, Chichester.
Research Centre, Ottawa.

Fernald, M. L. (1970). “Gray’s Manual of Botany.” Van Nostrand, New York, . . .
( ) y 4 Little, E. L., Jr. (1971). “Atlas of United States Trees,” Vol. 1, “Conifers and

Gleason, H. A., and Cronquist, A. (1991). “Manual of Vascular Plants of Important Hardwoods.” U. S. Dept. of Agriculture, Washington, DC.

Northeastern United States and Adjacent Canada.” New York Botanicl\%l Gmelch T. E. (1997a). Late-qlacial v Hol tati |
Garden, Bronx, NY. aenza-Gmelch, T. E. ( a). Late-glacial-early Holocene vegetation, ¢

) mate, and fire at Sutherland Pond, Hudson Highlands, southeastern N¢
Godman, R. M., and Lancaster, K. (1990)suga canadensif.) Carr. In

o . ; York, U.S.A. Canadian Journal of Botany5, 431-439.
“Silvics of North America,” Vol. 1, “Conifers” (R. M. Burns and B. H.

Honkala, Eds.), pp. 604—612. U.S. Dept. of Agriculture, Forest SerVicM‘aenza—Gmelch, T. E. (1997b). Vegetation, climate, and fire during the
Washington, DC late-glacial-Holocene transition at Spruce Pond, Hudson Highlands, sout

eastern New York, USAJournal of Quaternary Scienck2, 15-24.
Grimm, E. C. (1987). CONISS: A FORTRAN 77 program for stratigraphicall Q 24
ﬁ/\gg_ngerud, J., Andersen, S. T., Berglund, B. E., and Donner, J. J. (1974

constrained cluster analysis by the method of incremental sum of squal : - ;
Computers & Geosciences, 13-35. Quaternary stratigraphy of Norden: A proposal for terminology and classi

Halls, L. K. (1990).Diospyros virginiaL. Common Persimmorin “Silvics of f|cfe1t|on. Boreas3, 109-128. o )
North America,” Vol. 2, “Hardwoods” (R. M. Burns and B. H. Honkala Martin, A. C., and Barkley, W. D. (1961). “Seed Identification Manual.” Univ.

Eds.), pp. 294—298. U.S. Dept. of Agriculture, Forest Service, Washington,0f California Press, Berkeley.

DC. Maxwell, J. A., and Davis, M. B. (1972). Pollen evidence of Pleistocene an
Hansen, B. C. S., and Engstrom, D. R. (1985). A comparison of numerical andiolocene vegetation on the Allegheny Plateau, Maryldpaiaternary Re-

qualitative methods of separating pollen of black and white spiQeea-  S€arch2, 506-530.

dian Journal of Botany3, 2159-2163. Mayle, F. E., Levesque, A. J., and Cwynar, L. C. (1993). Accelerator-mas:s

Heusser, L. E., and Stock, C. E. (1984). Preparation techniques for concersPectrometer ages for the Younger Dryas event in Atlantic Carda:
trating pollen from marine sediments and other sediments with low pollenternary Researci39, 355-360.
density.Palynology8, 225-227. McAndrews, J. H., Berti, A., and Norris, G. (1988). “Key to the Quaternary



APPALACHIAN CLIMATE, GLACIAL-INTERGLACIAL TRANSITION 147

Pollen and Spores of the Great Lakes Region.” Royal Ontario MuseuRogers, R. S. (1978). Forest dominated by hemlotku@a canadengis
Toronto. Distribution as related to site and postsettlement histognadian Journal
McGee, C. E. (1990)Nyssa sylvaticaVlarsh. var. sylvatica Black Tupelo  of Botany56, 843—-854.
(typical). In "Silvics of North America,” Vol. 2, “Hardwoods” (R. M. Bumns  Shane, L. C. (1987). Late-glacial vegetational and climatic history of the
and B. H. Honkala, Eds.), pp. 482-489. U.S. Dept. of Agriculture, Forest Allegheny Plateau and the Till Plains of Ohio and Indiana, U.Réreas
Service, Washington, DC. 16, 1-20.
Mcintosh, R. P., and Hurley, R. T. (1964). The spruce-fir forests of the Catsk#hane, L. C. K., and Anderson, K. H. (1993). Intensity, gradients and reversa
Mountains.Ecology45, 314 -326. in late glacial environmental change in east-central North Amefusa-
Montgomery, F. H. (1977). “Seeds and Fruits of Plants of Eastern Canada angernary Science Revievl®, 307-320.

Northeastern United States.” Univ. of Toronto Press, Toronto. Siccama, T. G. (1974). Vegetation, soil, and climate on the Green Mountair

NOAA, N. C. C. (1983) “Climate Normals for the U.S. (Base: 1951—80)" of Vermont. Eco|ogica| Monographgzly 325-349.

Géle Research Co:, .Detr0|t. ) o Sowers, T., and Bender, M. (1995). Climate records covering the last degl
Oosting, H. J., and Billings, W. D. (1951). A comparison of virgin spruce-fir jation. Science269. 210—214.

flo(;SSt in the northern and southemn Appalachian systeelogy 32, 84~ Stockmarr, J. (1971). Tablets with spores used in absolute pollen analys

. . Pollen et Spored43, 615-621.

Outcalt, K. W. (1990).Nyssa sylvaticavar. biflora (Walt.) Sarg. Swamp . . )
Tupelo.In “Silvics of North America,” Vol. 2, “Hardwoods” (R. M. Burns Stulver. M., ale Reimer, P. J. (1993). Extgnd‘é@ data base and revised
and B. H. Honkala, Eds.), pp. 482—489. U. S. Dept. of Agriculture, Forest CALIB 3.0 “C age calibration prograniadiocarbon3s, 215-230.

Service, Washington, DC. von Grafenstein, U., Erlenkeuser, H.,"N&u, J., Jouzel, J., and Johnsen, S.

Overpeck, J. T., Peterson, L. C., Kipp, N., Imbrie, J., and Rind, D. (1989).(1998)- The cold event 8200 years ago documented in oxygen isotof
Climate change in the circum-North Atlantic region during the last degla- fecords of precipitation in Europe and Greenla@timate Dynamicsl4,

ciation. Nature 338, 553-557. 73-81

Peteet, D. (1995). Global Younger Drya@®aternary InternationaR8, 93— Waitts, W. A. (1979). Late Quaternary vegetation of central Appalachia and tr
104. New Jersey coastal plaiiEcological Monographgl9, 427—469.

Peteet, D. M. (1986). Modern pollen rain and vegetational history of th&atts, W. A. (1980). Late-Quaternary vegetation history at White Pond on th
Malaspina Glacier district, Alask&uaternary ResearcB5, 100-120. inner coastal plain of South CarolinQuaternary Research3, 187—199.

Peteet, D. M., Daniels, R. A., Heusser, L. E., Vogel, J. S., Southon, J. R., angtts, W. A. (1983). Vegetational history of the eastern United States 25,0C
Nelson, D. E. (1993). late-glacial pollen, macrofossils and fish remains into 10,000 years agoln “Late-Quaternary Environments of the United

northeastern U.S.A.—The Younger Dryas oscillatiQuaternary Science  States” (S. C. Porter, Ed.), pp. 294-310. Univ. of Minnesota Press, Minne
Reviewsl2, 597-612. apolis.

Peteet, D. M., Daniels, R., Heusser, L. E., Vogel, J. S., Southon, J. R., apgtts, W. A., Allen, J. R. M., Huntley, B., and Fritz, S. C. (1996). Vegetation

Nelson, D. E. (1994). Wisconsinan Late-glacial environmental change inpjstory and climate of the last 15,000 years at Laghi di Monticchio, souther
southern New England: A regional synthesisurnal of Quaternary Science Italy. Quaternary Science Reviews, 113-132.

9, 151-154. Watts, W. A., and Hansen, B. C. S. (1988). Environments of Florida in the lat

Peteet, D. M., Vogel, J. S., Nelson, D. E., Sou_thon_, J. R, Nickmann, R.J., anqNisconsin and Holocendn “Wet Site Archaeology” (B. Purdy, Ed.), pp.
Heusser, L. E. (1990). Younger Dryas climatic reversal in northeastern307_323 Telford Press. West Caldwell. NJ

USA? AMS ages for an old problerQuaternary ResearcB83, 219-230.
Powell, D. S. (1980). White pine-hemlocka “Forest Cover Types of the

United States and Canada” (F. H. Eyre, Ed.), pp. 26-27. Soc. of Am.. . . .

Foresters, Washington, DC. implications. Palaeogeography, Palaeoclimatology, Palaeoecoldd®,

163-176.
Radford, A. E., Ahles, H. E., and Bell, C. R. (1968). “Manual of the Vascular d Gri | Lake:
Flora of the Carolinas.” Univ. of North Carolina Press, Chapel Hill. Watts, W. A., Hansen, B. C. S., and Grimm, E. C. (1992). Camel Lake: A

) ) 40,000-yr record of vegetational and forest history from northwest Florida
Reiners, W. A., and Lang, G. E. (1979). Vegetational patterns and processes IEcology73, 1056 -1066.

the Balsam fir zone, White Mountains, New Hampshkeology60, 403— ) . )
417. Watts, W. A., and Winter, T. C. (1966). Plant macrofossils from Kirchner
Rheinhardt, R. D., and Ware, S. A. (1984). Vegetation of the Balsam Moun_Marsh, Minnesota—A paleoecological stuBeological Society of America

tains of southwest Virginia: A phytosociological studyhe Bulletin of the Bulletin 77, 1339-1360.

Torrey Botanical Clubl11,287-300. Wilkins, G. R., Delcourt, P. A., Delcourt, H. R., Harrison, F. W., and Turner,
Rind, D., Peteet, D., Broecker, W., Mcintyre, A., and Ruddiman, W. (1986). M. R. (1991). Paleoecology of central Kentucky since the last glacia

The impact of cold North Atlantic sea surface temperatures on climate;Maximum.Quaternary ResearcB6, 224-239.

Implications for the Younger Dryas cooling (11-10K)limate Dynamicd, Wright, H. E., Jr., Mann, D. H., and Glaser, P. H. (1984). Piston corers for pes

3-33. and lake sediment&cology65, 657—659.

Watts, W. A., and Hansen, B. C. S. (1994). Pre-Holocene and Holocene polle
records of vegetation history from the Florida peninsula and their climatic



	INTRODUCTION
	METHODS
	FIG. 1

	RESULTS AND INTERPRETATION
	FIG. 2
	FIG. 3
	FIG. 4
	FIG. 5

	DISCUSSION
	TABLE 1

	ACKNOWLEDGMENTS
	REFERENCES

